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a b s t r a c t

Previous research has suggested that faces and words are processed and remembered
differently as reflected by different ERP patterns for the two types of stimuli. Specifically, face
stimuli produced greater late positive deflections for old items in anterior compared to posterior
regions, while word stimuli produced greater late positive deflections in posterior compared to
anterior regions. Given that words have existing representations in subjects' long-term
memories (LTM) and that face stimuli used in prior experiments were of unknown individuals,
we conducted an ERP study that crossed face and letter stimuli with the presence or absence of
a prior (stable or existing) memory representation. During encoding, subjects judged whether
stimuli were known (famous face or real word) or not known (unknown person or pseudo-
word). A surprise recognitionmemory test required subjects to distinguish between stimuli that
appeared during the encoding phase and stimuli that did not. ERP results were consistent with
previous research when comparing unknown faces and words; however, the late ERP pattern
for famous faces was more similar to that for words than for unknown faces. This suggests that
the critical ERP difference is mediated by whether there is a prior representation in LTM, and
not whether the stimulus involves letters or faces.

Published by Elsevier B.V.

1. Introduction

Dual-process models have been influential in the study of
recognition memory. These models propose that recognition

depends both on familiarity, a relatively automatic process,
and recollection, a more deliberate one (Jacoby, 1991;
Yonelinas, 2002; Curran and Hancock, 2007). Consistent with
a dual-process model, previous ERP research investigating
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recognition memory typically describes canonical patterns of
waveform differences between recognized (old) and correctly
rejected (new) items that parallel the processes of familiarity
and recollection. Specifically, the early old/new effect (also
called the FN400), a negative component (more negative for
new than old items) that appears around 400 ms over the
anterior scalp, is thought to reflect familiarity, while the late
old/new effect, a positive component (more positive for old
than new items) that appears after 500 ms over the posterior
scalp, is thought to reflect recollection (e.g., Curran, 1999;
Curran and Doyle, 2011; Curran and Hancock, 2007; Diana
et al., 2005; Graham and Cabeza, 2001; Paller et al., 2000;
Wilding et al., 1995).

However, several recent studies have reported that the
spatial and temporal distributions of these old/new effects differ
for faces and words (e.g., MacKenzie and Donaldson, 2009;
Yick and Wilding, 2008), raising the possibilities that faces are
recollected differently from words, or that ERP correlates of
memory retrieval for faces and words are material specific.
While the early old/new effect for face stimuli has been
inconsistently obtained in studies of recognition memory, the
effects that have appeared are fairly similar to words. Yovel and
Paller (2004), as well as MacKenzie and Donaldson (2007) found
no early old/new effect for face stimuli. Curran and Hancock
(2007), by contrast, did find an early old/new effect using a very
similar paradigm with face stimuli.

In the study by Yick and Wilding (2008), early and late
old/new effects were observed for faces and words, but the
spatial distribution of these ERP components differed by
stimulus type. An early old/new effect appeared over the
anterior region for both faces and words. But from 500 to
800 ms, words showed the expected old/new effect with a
parietal maximum, while this later old/new effect was max-
imal over the anterior scalp for face stimuli.

MacKenzie and Donaldson (2009) compared names with
faces and found a pattern similar to that of Yick and Wilding.
Comparing hits to correct rejections, they found that from
300 to 500 ms, faces and words showed similar early old/new
effects. Consistent with Yick andWilding, from 500 to 700 ms,
the old/new effect evoked by faces was maximal over the
anterior scalp, while the old/new effect evoked by words was
maximal over the posterior scalp.

Taken together, these results suggest that the spatial dis-
tributions of the early ("400ms) old/new effect are similar for
faces and words, but the spatial distributions of the late
("600ms) old/new effect differ. This difference has been taken
as evidence that the late old/new effects for faces and words are
categorically different, and that these differences are the pro-
duct of specific attributes of the stimuli or their processing. In
other words, the claim is that the neural activity engaged during
memory retrieval will vary depending on the type of informa-
tion (face or verbal material) that is recovered.

While this interpretation is plausible, another interpreta-
tion is worth considering. In each of these studies, stimulus
type was confounded with whether the stimulus had a pre-
existing (long-term) memory representation. The letter strings
were words with meaning, but the faces were individuals
unknown to the subjects. As such, it is difficult to tease apart
whether the ERP effects were in fact driven by categorically
different stimuli, or instead by the semantic/long-term

memory representations (what we call “stable memory
representations”) of word stimuli and the absence of such
pre-existing, stable memory representations for face stimuli.
Evidence for the latter interpretation can be found in
the known mnemonic differences between famous and
unknown faces. For example, Reder et al. (2013) have found
that famous faces are easier to bind to the encoding context
than faces of people who are unknown to the subjects. Not
only is recognition memory better for faces of known than of
unknown people, but this advantage is particularly pro-
nounced in recollection (as opposed to familiarity-based)
memory judgments.

In this study, we sought to test the possibility that the
observed ERP differences in episodic face recognition arise
from differential processing of stimuli with and without a
pre-existing representation in LTM. In order to disentangle
stimulus type from status of pre-existing memory represen-
tations, we compare four stimulus conditions representing
the two relevant factors: stimuli (faces vs. letter strings)#
LTM representation stability (pre-existing memory represen-
tation vs. no pre-existing memory representation). The sti-
mulus materials consisted of faces of celebrities, faces of
unknown individuals, common words, and pseudo-words
(meaningless pronounceable letter strings). If stimulus type
is the critical factor that determines the topography of the
late old/new effects, then we would expect to see a parietal
late old/new effect for words and letter strings, and a more
anterior late old/new effect for famous and unknown faces.
Alternatively, if the pre-existing representation in LTM is the
critical factor, then we would expect to see a parietal late old/
new effect for famous faces and words, and a more anterior
late old/new effect for unknown faces and letter strings.

2. Results

2.1. Behavioral results

During the encoding phase, accuracy was above 95% for all
stimuli except famous faces (78%), reflecting the fact that
subjects did not know all famous faces. Response time (RT)
for correct letter strings was faster than for correct faces,
F(1,14)¼17.16, po0.001. Within the letter string category,
word RTs were faster than pseudo-words, F(1,14)¼9.21,
po0.01. Within the face category, reaction times were equiva-
lent for famous and unknown individuals (p 40.05).

Performance on the episodic memory test that followed
encoding is shown in Table 1. Accuracy and RTs for correct
judgments are shown as a function of whether the stimulus
appeared earlier (old vs. new), whether the stimulus has a
pre-existing representation (known vs. unknown), and
whether the stimulus is a face or letter string. For complete-
ness, the discrimination index (Pr) is also shown for each type
of stimulus (Snodgrass and Corwin, 1988). This discrimina-
tion index is calculated as the hit rate minus the false alarm
rate. Large values denote better performance.

For response accuracy, there were main effects of face
vs. letter string, F(1,14)¼70.85, po0.001, and known vs.
unknown, F(1,14)¼53.68, po0.001. Subjects responded more
accurately to faces than to letter strings, and they responded
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more accurately to items with pre-existing representations
than to items without such representations. Finally, there
was an interaction between pre-existing representation and
target vs. foil (old vs. new) discrimination, F(1,14)¼27.77,
po0.001. The percentage of correctly rejected, unknown
items exceeded the percentage of correctly identified,
unknown items, F(1,14)¼11.97, po0.01. For known items,
these measures did not differ. The Pr score for faces was
more than twice that for words. This is likely because we
used medium-to-high frequency words, a point that we
return to in the discussion.

For reaction times, there was an interaction between pre-
existing representation and target vs. foil discrimination, F
(1,14)¼323.33, po0.001. For unknown items, correct rejections
were faster than hits, but for known items, hits were faster
than correct rejections. This pattern seems reasonable given
that unknown foils had never been seen before and could be
rejected purely on the basis of familiarity. For known items,
the familiarity difference between targets and foils was not as
strong. This finding is mirrored in the ERP results below.

2.2. ERP results

ERP analyses were conducted for correct responses. The
average number of observations per condition was 29 and

no condition averaged fewer than 20 observations per sub-
ject. Waveform amplitude analyses focused on frontal and
parietal locations as motivated by the literature (e.g.,
MacKenzie and Donaldson, 2009; Yick and Wilding, 2008).
Based on these conventions, we collapsed data from six
electrodes to create frontal (F3, Fz, and F4) and parietal (P3,
Pz, and P4) regions, and we analyzed ERP data during two
latency windows, 350–500 ms (early old/new effect) and 500–
650 ms (late old/new effect). We analyzed the data in this
manner to directly test for the presence of early and late
old/new effects for each of the four stimulus types.

Fig. 1 plots the grand average waveforms for each of the
four stimulus types at the 6 analyzed electrodes during
episodic recognition. Fig. 2 shows the topographic maps of
the old–new effects over the entire scalp for each stimulus
type and during the two time intervals of interest. We
conducted separate two-way repeated-measures ANOVAs
on the mean ERP amplitude during each latency window
(350–500 ms and 500–650 ms) and for each of the four stimu-
lus types: famous faces, unknown faces, words, and pseudo-
words. Each ANOVA included two factors: old/new (2 levels:
hits vs. correct rejections) and site (2 levels: frontal and
parietal scalp). Only reliable interactions of old/new and site
are reported. Below we present the results by phenomenon of
interest.

Table 1 – Accuracy and reaction times (in ms) for correct judgments as a function of whether stimulus is old or new,
whether the stimulus has a pre-existing representation, and whether the stimulus is a face or letter string. Pr
(discrimination index) for each type of stimuli is also shown. Standard errors are given in parentheses.

Faces Words

Famous faces Unknown faces Words Pseudo-words

Old New Old New Old New Old New

Acc 0.85(0.03) 0.83(0.02) 0.59(0.04) 0.92(0.03) 0.76(0.05) 0.63(0.05) 0.51(0.06) 0.67(0.06)
Pr 0.68(0.04) 0.51(0.04) 0.30(0.05) 0.18(0.04)
RTs 798(32) 890(36) 947(39) 798(29) 781(32) 889(36) 881(33) 818(33)

Note: M, mean; Acc, accuracy; RT, reaction time.

F3 Fz F4

P3 Pz P4

F3 Fz F4

P3 Pz P4

F3 Fz F4

P3 Pz P4

F3 Fz F4

P3 Pz P4

400 800ms-4

4 µV

Unknown faceFamous face

Word Pseudo-word

Hit
Correct rejection

Fig. 1 – Grand average ERP waveforms at representative electrodes for each of the four stimulus types during recognition.
Hits (correctly identified old responses) and stimuli correctly identified as new are plotted separately in each graph. The two
frames represent the two intervals respectively.
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2.2.1. Early old/new effects for famous and unknown faces
The ANOVA for famous faces from 350 to 500 ms revealed an
old/new effect, F(1,14)¼4.94, po0.05. Waveforms were more
positive across frontal and parietal sites for old famous faces
than for new famous faces. Unknown faces also produced an
early old/new effect, F(1,14)¼131.06, po0.001. For unknown
faces, there was also a reliable interaction between old/new
and site, F(1,14)¼16.83, po0.001, such that the old/new effect
was greater at frontal electrodes compared with parietal
electrodes.

The size of the early old/new effect was much larger for
unknown faces than for famous faces, as confirmed with a
follow-up comparison at frontal sites (fame by old/new): the
interaction of fame with old/new was reliable, F(1,14)¼11.68,
po0.01, and was driven by the much larger early old/new
effect for unknown faces (see Table 2). The smaller old/new
effect for famous faces seems reasonable given that foils in
the famous face condition still have some familiarity from
prior exposure (without which the individuals pictured would
not be famous). Support for this interpretation comes from a
comparison of the amplitudes of the early old/new effect for
correctly rejected faces. In the frontal region, new famous
faces were significantly more positive than new unknown
faces, F(1,14)¼15.04, po0.01. The difference in the amplitude
of the early old/new effect for famous vs. unknown faces,
however, was remarkably small. That is, old famous faces
and old unknown faces produced equivalent early responses
over the frontal region (p40.1; see Table 3).

2.2.2. Early old/new effects for words and pseudo-words
An analogous ANOVA for words also revealed a reliable old/
new effect, F(1,14)¼4.99, po0.05, across frontal and parietal
regions (see Table 2). A follow-up comparison with pseudo-
words found that the old/new effect was significantly larger
for words across sites, F(1,14)¼8.45, po0.05. In fact, pseudo-
words did not show reliable old/new effects in either time
window. The absence of effects is consistent with the gen-
erally poor accuracy for pseudo-words and may be due to
difficulties in encoding. The absence of an early old/new

effect is somewhat unusual, however, and a potential expla-
nation is offered in the general discussion.

2.2.3. Late old/new effects
MacKenzie and Donaldson (2009) and Yick and Wilding (2008)
found a larger late frontal old/new effect for unknown faces,
and they found a larger parietal old/new effect for verbal
stimuli. For unknown faces at 500–650 ms in our experiment,
there was an interaction between old/new and site, F(1,14)¼
6.13, po0.05, such that the old/new effect was larger at the
frontal site compared to the parietal site (see Table 2). For
words, although the effect was visually apparent (see Figs. 1
and 2), we failed to find a reliable old/new effect at 500–
650 ms (p40.1); we suspect that this was because our words
were of higher frequency than most related studies. Still, our
findings pertaining to unknown faces and words essentially
replicate those of earlier studies (MacKenzie and Donaldson,
2009; Yick and Wilding, 2008).

The question of particular interest in this study is whether
famous faces behave like words, which share the property of
having long-term memory representations, or like unknown
faces, which share similar stimulus attributes. If the frontal
old/new effect found for unknown faces is material specific, it
should also appear for famous faces. It did not. For famous
faces, the interaction between old/new and site was signifi-
cant, F(1,14)¼8.53, po0.05. Follow-up tests found that during
the 500–650 ms time window, famous faces produced a
reliable old/new effect at parietal, F(1,14)¼9.55, po0.01, but
not frontal (p40.1), electrodes. In other words, the ERP results
for famous faces bear a greater similarity to words' parietal
old/new effect than to unknown faces' frontal effect. Indeed,
a direct comparison between famous and unknown faces

Old famous face –
new famous face

+4

-4

µV

Old unknown face –
new unknown face

350-500 ms 500-650 ms

Old word – new word
Old pseudo-word –
new pseudo-word

350-500 ms 500-650 ms350-500 ms 500-650 ms

350-500 ms 500-650 ms

Fig. 2 – Topographic maps of ERP waveforms differences
between hits and correct rejections for the four types of
stimuli during recognition. Each is shown at the two time
intervals of interest.

Table 2 – Mean amplitudes (in μV) of hits minus correct
rejections at recognition. The frontal differences are
averaged over the F3, FZ, and F4 electrodes, and the
parietal differences are averaged over P3, PZ, and P4.
Standard errors are given in parentheses.

Stimuli type Frontal Parietal

350–500 ms Famous faces 1.804 (0.82) 1.796 (0.92)
Unknown faces 4.681 (0.52) 2.485 (0.26)
Words 2.534 (1.25) 1.472 (0.70)
Pseudo-words 0.135 (0.99) %0.091 (0.79)

500–650 ms Famous faces 0.874 (1.02) 2.71 (0.88)
Unknown faces 2.582 (1.06) 0.876 (0.82)
Words 0.287 (1.16) 1.245 (0.84)
Pseudo-words %0.033 (1.33) 0.532 (0.97)

Table 3 – FN400 mean amplitudes (in μV) for famous and
unknown faces. Amplitudes are averaged over the F3, FZ,
and F4 electrodes. Standard errors are given in
parentheses.

Old New

Famous faces 4.433 (1.27) 2.629 (1.07)
Unknown faces 4.368 (1.43) %0.313 (1.28)
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showed a strong interaction between fame, old/new and site,
F(1,14)¼21.91, po0.001, such that famous faces showed old/
new differences only at parietal sites, while unknown faces
only showed differences at frontal sites. By contrast, the
same analysis comparing famous faces to words produced
no reliable effects due to the type of material.

3. General discussion

Past studies have investigated the distinct spatial distribu-
tions of the late old/new effect of faces and verbal stimuli
(e.g., MacKenzie and Donaldson, 2009; Yick and Wilding,
2008), but have not considered that these findings might be
based on an attribute of the stimuli other than whether they
were faces or verbal stimuli: the faces used as stimuli lack a
prior representation in LTM in contrast to the verbal stimuli.
The goal of this experiment, then, was to determine to what
extent pre-existing memory representations were driving the
differences in the late old/new effects of faces and verbal
stimuli. In particular, this experiment was set out to answer
whether the late frontal old/new effect observed in previous
studies that used unknown faces would also appear for
famous faces, or whether famous faces would produce an
effect more like words and names that also have pre-existing
LTM representations.

The present results provide strong evidence for the influ-
ence of pre-existing representations in LTM on the electro-
physiological data; in contrast to the material specific
interpretation, these data show that pre-existing LTM repre-
sentations modulate late old/new effects. In line with pre-
vious studies (e.g., MacKenzie and Donaldson, 2009; Yick and
Wilding, 2008), our analyses replicated the scalp distribution
patterns of the late old/new effects, showing a qualitatively
distinct pattern for unknown faces vs. words, specifically
showing an anterior distribution for unknown faces, but a
parietal distribution for words. The novel result was that
famous faces produced an ERP pattern similar to words but
different from unknown faces. The late old/new effect was
larger over the parietal regions for famous faces. This pattern
suggests that the late old/new effects are modulated by the
existence of a stable pre-existing LTM (semantic) representa-
tion, and not by the modal attributes of the stimulus.

These data are in line with the perspective that the nature
of memory judgments depends upon whether stimuli have
previously stored, stable memory representations (Reder
et al., 2013). Why might such representations evoke differ-
ential processing? First, familiarity may be less diagnostic in
determining whether a known item was recently encoun-
tered. If a stimulus has a stored representation, by definition
it has some inherent familiarity as it has been experienced
multiple times in the past. That means that an old/new
judgment based on familiarity is less likely to be accurate
for previously experienced stimuli such as words and famous
faces compared to an unknown stimulus. Second, as we have
argued elsewhere (e.g., Reder et al., 2013), stimuli with stable
memory representations are more easily encoded and asso-
ciated with contextual details, thereby making recollection
judgments more successful for those types of stimuli. Thus,

stable memory representations may impair familiarity-based
judgments, while facilitating recollection judgments.

3.1. Alternative accounts of these findings

The encoding task in this experiment asked subjects to judge
whether or not a face was already known (i.e., famous) and
whether or not a letter string was already known (i.e., a
word). Conceivably, the observed pattern of results at test
might have been caused by the encoding task rather than the
stable memory representation, per se. We considered this
alternative interpretation before actually conducting the
experiment and included a control encoding condition to
help rule out that interpretation. We felt it was important
to demonstrate that when the encoding task asked for only
a face/letter discrimination, the patterns would not reverse,
such that the ERP patterns for all faces would be similar to
one another but different from all letter strings.

The latter control task is obviously much easier and faster.
This type of easy task is often referred to as a “shallow”

encoding task (Craik and Lockhart, 1972), and, as such,
typically produces weak recollection effects (e.g., Rugg et al.,
1998). Previous research has shown that recognition ERPs are
sensitive to manipulations of levels of processing at encoding
(Sanquist et al., 1980). Despite the poor memory performance
in the shallow control task, we were still able to confirm that
the pattern of results did not depend on the dimension used
to encode the stimuli. Specifically, the pattern of frontal vs.
parietal effects for recognized stimuli did not depend on the
encoding task, such that all faces showed one ERP pattern
and all letter strings another. The details of this condition,
including the results, are available in the Supplementary
material.

One moderate departure from past studies of the parietal
old/new effect that used word stimuli is worth noting: in the
current study the late old/new effect for words, though
visually apparent, did not reach significance at parietal
regions, while prior studies have found larger effects (e.g.,
MacKenzie and Donaldson, 2009; Yick and Wilding, 2008). A
likely explanation for such a difference was that medium-to-
high frequency words rather than low frequency words were
used in the present experiment. Recollection is more difficult
for high than low frequency words (e.g., Reder et al., 2000,
2002), and in ERP studies, high frequency words tend to show
reduced old/new effects compared with low frequency words
(Rugg et al., 1995).

The present study revealed reliable early old/new effects
(including an FN400) for famous faces, unknown faces, and
words. In dual-process models, the early old/new effects are
often interpreted as familiarity differences between studied
and unstudied items (Yonelinas, 2002; Rugg and Curran,
2007). Some evidence suggests that the early old/new effect
is sensitive to different aspects of familiarity and that both
perceptual and conceptual familiarities may sum up to lead
to graded early old/new effect differences (Ecker and Zimmer,
2009). In this light, the graded effect of unknown/newofa-
mous/newoold is quite interesting because it suggests that
not only the early old/new effect is sensitive to different
aspects of familiarity in the short term, but also that it
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captures long term (semantic) familiarity in addition to the
episodic familiarity that comes from studying the item.

Two additional results, the lack of an early old/new effect
for pseudo-words and the early old/new effect for unknown
faces, deserve further comment. The absence of an early old/
new effect for pseudo-words is inconsistent with the findings
of Swick and Knight (1997); however, the retention intervals
from study to test in their experiment never exceeded 1 s
while our retention intervals ranged from 10 to 20 min.
Another study of recognition memory that used nonsense
stimuli (Groh-Bordin et al., 2006) recorded a reliable old/new
effect; however, their retention intervals (1.3–3.9 min) were
still much shorter than the intervals used in our experiment.
Thus, we interpret the absence of the early old/new effect for
pseudo-words in our study as a consequence of pseudo-
words having shorter-lived familiarity traces that faded
within the relatively long retention intervals we employed.
The low accuracy of our subjects under this condition is
consistent with this interpretation.1

Unknown faces by contrast did show an early old/new
effect, and their very low false alarm rates suggest that
familiarity aided subjects in their recognition judgments. Part
of this effect may be because, relative to pseudo-words, it is
easier to create meaningful associations to unknown faces
(e.g., beautiful young blonde).

In fact, the early old/new effect has appeared inconsis-
tently for unknown faces. By comparing multiple studies that
directly examine differences between recollection and famil-
iarity for unknown faces (Curran and Hancock, 2007;
MacKenzie and Donaldson, 2007; Yovel and Paller, 2004),
Donaldson and Curran (2007) suggested that performance,
stimulus heterogeneity, and the modality of context informa-
tion are potential mediators of the FN400. Yick and Wilding
(2008) subsequently observed an early old/new effect for
unknown faces despite the fact that the performance in their
task was somewhat low. Further, they observed an early old/
new effect despite the fact that they used fairly homogenous
stimuli – black and white photographs of Caucasian faces
that had a small range of ages. Consequently, high perfor-
mance and stimulus heterogeneity now seem less important
in obtaining an early old/new effect for unknown faces.

Context remains a plausible mediator of the FN400.
Tsivilis et al. (2001) noted that the manner in which context
is encoded might result in the absence of the FN400, even
when stimuli are familiar. More recently, Ecker et al. (2007)
found that when attention was directed toward the stimulus,
modifying the context did not significantly attenuate the
FN400. When attention was not explicitly directed toward
the stimulus, however, modifying the context did attenuate
the FN400. Together, these studies suggest that, if context is
attended to, familiarity of stimuli alone may not be sufficient
to produce an FN400. These considerations notwithstanding
the conditions of our task may have been ideal for evoking an
early old/new effect for unknown faces: performance for
unknown faces was relatively high, stimuli were highly

heterogeneous, and context was held constant between the
encoding and test phases of the task.

3.2. Summary

The present data suggest that stable pre-existing memory
representations mediate the late old/new effect differences
previously observed between faces and verbal materials.
Across both words and faces, stimuli with stable representa-
tions had stronger late old/new effects over the parietal
region of the scalp, while stimuli without stable long-term
memory representations had stronger late old/new effects
over the anterior region of the scalp. In other words, ERP
correlates of recollection are modulated by whether stimuli
have pre-existing memory representations.

4. Experimental procedures

4.1. Subjects

A total of 15 students from Carnegie Mellon University or the
University of Pittsburgh (9 males, mean age of 23.6 years)
participated in this study. They received payment of $15.
All subjects were native English speakers with normal
or corrected-to-normal visual acuity, and none reported a
history of neurological impairment.

4.2. Materials

The experiment consisted of two phases: an encoding task
and a subsequent memory test. The experiment used a
2 (stimulus type: faces vs. letter strings)#2 (pre-existing
memory representation: known vs. unknown) within subject
design during the encoding stage, and the test used a simple
old/new judgment. There were 384 stimuli, 96 for each of the
four types of stimuli: famous faces, unknown faces, words,
and pseudo-words. At test, half of the items were targets and
half were foils for each stimulus type. Stimuli for each
category were randomly assigned to be targets or foils for
each subject. All four types of stimuli were randomly inter-
mixed and presentation order of stimuli during both phases
was randomized for each subject.

All face stimuli were headshots of adults collected from the
Internet. The celebrities were selected on the basis of high fame
identification by lab assistants of the same age as prospective
subjects. Gender and age distributions were controlled for
famous and unknown faces as well as the proportion of
“glamour” shots for these faces (glamour photographs were
available for unknown faces as well). All image backgrounds
were removed using Adobe Photoshop CS4.

All verbal stimuli were four letters in length and did not
include homophones. Words included one- and two-syllable
concrete nouns such as “boot,” “echo,” and “navy”. Words were
chosen using the MRC Psycholinguistic Database (Kučera and
Francis, 1967). All words were of moderate-to-high frequency
(between 40 and 300 occurrences per million). The majority of
the pseudo-words were taken from a previous study (Reder
et al., 2002) and the remaining pseudo-words were created using
the ARC Nonword Database (Rastle et al., 2002). These letter

1Given the low behavioral accuracy, it is reasonable to wonder
whether the accuracy for pseudo-words was unusually poor in
the current experiment. However, the performance for unknown
stimuli is in line with past studies (e.g., Marzi and Viggiano, 2010).
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strings were also one or two syllables, pronounceable, and
conformed to English spelling patterns.

4.3. Procedure

At the start of the experiment, subjects performed an encod-
ing task. They were told to use their index fingers to press a
keyboard key with a sticker label “K” for known faces and for
letter strings that were words, and to press a key with a
sticker label “U” for unknown faces and for letter strings that
were non-words. The actual keys so labeled were F and J. The
mapping between labels and response hands was counter-
balanced across subjects. Subjects were given several practice
trials with feedback to ensure that they understood the task
instructions.

After completing the encoding trials, subjects were given a
surprise memory test. The memory test consisted of all the
stimuli viewed previously plus an equal number of stimuli of
each type that had not been judged during the preceding
phase. Subjects were instructed that if they remembered
classifying the probe during the encoding phase, they were
to respond “old” by pressing the key labeled “O”. If they did
not remember judging the item during the encoding phase,
they were told to respond “new” by pressing the key labeled
“N”. The actual keys so labeled were V and M. The mapping
between labels and response hands was counterbalanced
across subjects. Subjects were told to respond as quickly
and accurately as possible in both the encoding and the test
stages. A schematic illustration of the procedure is shown
in Fig. 3.

The trial structure was the same for the encoding and test
phases of the experiment. At the start of each trial, a fixation
cross appeared at the center of the monitor for 1000 ms, and
was followed by an image. Images were displayed centrally
against a gray background on a Dell Dimension 8200 monitor,
and were followed by a blank screen. The presentation time

for each item was determined by the duration of a subject's
response time with the constraint that no trial lasted more
than 2 s for either phase of the experiment. The total dura-
tion of each item and the following inter-trial interval was
always 3 s, regardless of whether the key press was correct,
incorrect, or missing.

The computer screen was placed 70 cm from subjects.
Visual angles subtended by face stimuli were 2.51 (horizontal)
and 3.91 (vertical), and the vertical visual angle subtended by
each letter string was 0.641. Words and pseudo-words were
presented in black, lowercase Courier New Font. Subjects
were instructed to fixate on the center of the screen, and they
were instructed to minimize eye blinks while stimuli were on
the screen.

4.4. Electrophysiological recording

Subjects sat in an electrically shielded booth during the experi-
ment. The EEG was recorded continuously with Synamp ampli-
fiers from 32 Ag/AgCl electrodes (10–20 system). The vertical
EOG was recorded from electrodes placed on the supra- and
infra-orbital ridges of the left eye, and the horizontal EOG was
recorded from electrodes placed at the external canthi of both
eyes. The right mastoid served as the reference electrode, and
scalp recordings were algebraically re-referenced offline to the
average of the right and left mastoids. All signals were ampli-
fied with a gain of 250 and were digitized at a sampling rate of
250 Hz, and were filtered with a band-pass of 0.05–70 Hz.
Electrode impedances were kept below 5 kΩ.

Eye artifact correction was accomplished using a semi-
automatic procedure before averaging (Nie et al., 2013; Picton
et al., 2000). Following correction, any additional trials con-
taminated by movements exceeding 7100 mV were excluded
before collapsing using a PCA-based algorithm (Nowagk and
Pfeifer, 1996). Epochs of 900ms (including a 100ms baseline)
were then extracted from the continuous recording and cor-
rected over the pre-stimulus interval. For the test phase of the
experiment, grand-average waveforms were created for hits
and correct rejections for the four types of stimuli (famous and
unknown individuals, and words and pseudo-words).
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